A definition of response by cytoreductive therapy in essential thrombocythemia was recently provided by the European LeukemiaNet (ELN). Complete, partial, or no clinicohematologic responses were defined on the bases of platelet count, disease-related symptoms, spleen size, and white blood cell count. To provide estimates and clinical correlation of responses according to these criteria, we retrospectively examined 416 essential thrombocythemia patients treated with hydroxyurea for at least 12 months. Complete response, partial response, and no response were 25%, 58%, and 17%, respectively. Age more than 60 years and JAK2V617F mutation were significant predictors of response. After a median follow-up of 3.9 years, we registered 23 deaths, 16 hematologic transformations, and 27 thrombotic events (rate, 1.66% patients/year). Age, previous thrombosis, leukocytosis (white blood cell count > 10 ؋ 10 9 /L), but not ELN responses, were independently associated with higher risk of thrombosis. The actuarial probability of thrombosis was significantly influenced by leukocytosis (P ‫؍‬ .017) and not by platelet count, indicating that platelet number does not seem of prime relevance in the definition of ELN response. (Blood. 2010;116(7): 1051-1055)
Introduction
Sound methodologic evidence for recommending therapy in essential thrombocythemia (ET) is limited, and clinical expertise still plays a major role in driving therapeutic decisions. The common attitude is to reserve chemotherapy to patients considered at high potential risk of developing major thrombotic or hemorrhagic complications, based on known clinical variables, and to adopt a more conservative approach in those at low or intermediate risk. Hydroxyurea (HU) has emerged as the treatment of choice in 2 randomized clinical trials (RCTs). The first compared HU with no myelosuppression and showed that the number of thrombotic episodes was significantly reduced in treated patients, 1 whereas the second study demonstrated that HU combined with aspirin was superior to anagrelide (plus aspirin) in reducing thrombotic complications. 2 In these RCTs, HU daily dose was adjusted to maintain platelet count at less than 600 ϫ 10 9 /L, even though the importance of the platelet count as a risk factor for thrombosis was, and still remains, unclear. More recently, several studies have addressed the relevance of leukocytosis, [3] [4] [5] [6] bone marrow reticulin grade, 7 and JAK2 V617F mutational status 8 as factors associated with the risk of vascular events. Such novel information suggested the opportunity for a reappraisal of the criteria commonly used for defining clinical-hematologic (CH) response in ET patients, and with the perspective to allow comparability of response evaluation in ongoing and forthcoming trials with the novel JAK2 inhibitors. Therefore, a standardized definition of response was recently provided by the European LeukemiaNet (ELN) investigators. These experts reached a consensus in defining 3 categories of response in polycythemia vera (PV) and in ET. 9 In ET, CH response was defined according to the variations of 4 major criteria: platelet count, disease-related symptoms, spleen size, and white blood cell count. On this basis, complete response (CR), partial response (PR), or no CH responses (NR) were defined. However, it should be mentioned that these definitions resulted from a consensus process and were not evidence-based. Therefore, in this study, we retrospectively examined 416 ET patients treated with HU as first-line therapy aimed at providing estimates of CH responses according to ELN criteria and assessing correlations with outcomes.
Methods

Patients
From 1981 to 2009, 3 Italian centers (Bergamo, Florence, and Vicenza) treated 416 consecutive and unselected newly diagnosed patients (PVSG and WHO-2001 criteria). They were included in this study if treatment with HU had lasted at least 12 months. HU was started in patients meeting high-risk criteria (age Ͼ 60 years or/and previous thrombosis) or if they presented extreme thrombocytosis (Ͼ 1500 ϫ 10 9 /L), aspirin-resistant microvascular symptoms (erythromelalgia, migraine, amaurosis fugax) or progressive splenomegaly. Patients started with 0.5 to 1.0 g HU daily; then the dosage was subsequently adjusted to maintain the platelet count at less than 600 ϫ 10 9 /L. In each of the 3 centers, clinical features, including treatment, and laboratory tests were recorded at follow-up visits every 3 months. Low-dose aspirin (100 mg/day) was given in patients who had no contraindication to this drug.
Permissions were obtained from the Institutional Review Boards to review the medical records.
Definition of responses
According to ELN criteria, CH CR was defined as: platelet count less than or equal to 400 ϫ 10 9 /L, no disease-related symptoms, normal spleen size, and white blood cell count less than or equal to 10 ϫ 10 9 /L. PR was recognized in patients who did not fulfill the criteria for CR but presented a platelet count less than or equal to 600 ϫ 10 9 /L or a decrease greater than 50% from baseline. Any response that did not satisfy PR criteria was classified as NR.
Definition of events
We examined the cumulative rate of arterial and venous thrombosis, including acute myocardial infarction, ischemic stroke, cerebral transient ischemic attacks, peripheral arterial thrombosis, and venous thromboembolism. Diagnostic procedures were carried out as previously reported. 4 The diagnostic criteria for myelofibrosis transformation included severe fibrosis (Ͼ grade 2 or 3 fibrosis) on trephine biopsy and clinical factors, such as progressive splenomegaly, unexplained anemia, constitutional symptoms, and characteristic blood film changes. Acute leukemia was diagnosed according to WHO criteria.
Statistical methods
ELN response criteria were assessed on the whole cohort of 416 patients at 3, 6, and 12 months of treatment. Factors associated with the achievement of responses were tested by a logistic regression model, including age, sex, time elapsed from diagnosis to HU start, JAK2V617F status, white blood cell count (WBC), and platelet count.
Major thrombotic events and hematologic transformations occurring after 12 months of therapy were calculated as rates per 100 patients per year.
The effect of ELN responses as well as other potential prognostic factors on thrombosis-free survival was evaluated by fitting various Cox regression models, considering each factor separately (univariate analysis) or adjusting for the confounding effects of: time elapsed from diagnosis to HU treatment start, sex, age, previous thrombotic event, JAK2V617F status, and WBC and platelet count measured after 12 months of HU treatment (multivariate analysis).
Thrombosis-free survival was calculated by Kaplan-Meier curves and compared by log-rank tests. Cutoffs for WBC and platelet counts were chosen according to the ELN criteria. All probability values were 2-tailed; P value less than or equal to .05 was considered significant.
Results
Patient characteristics at presentation are shown in Table 1 and reflect well the variety of clinical features found in the routine clinical practice of care of unselected ET patients. After a median of 4.9 months of observation, patients meeting the criteria of the high-risk category based on older age and occurrence of thrombohemorrhagic symptoms (83%) or with aspirin-resistant microvessel disturbances and concomitant generic risk factors (hypertension, diabetes, smoking; 17%) started HU therapy and were kept on low-dose aspirin.
After completing 12 months of therapy, the number of patients alive who withdrew from HU was 18 (4%, at a median of 6 years from HU start) because of choice of the patient/enrollment in new protocols (n ϭ 6), or side effects (leg ulcers, n ϭ 5; lack of platelet control, n ϭ 4; anemia, n ϭ 2; or other reason, n ϭ 1). Figure 1 reports the rate of responses at 3, 6, and 12 months of treatment, respectively. The highest rates of CR and PR were obtained after 12 months and were 25% and 58%, respectively. No responses were found in 17% of patients.
In a multivariate logistic model, age more than or equal to 60 years and the presence of JAK2 V617F mutation were significant predictors of response evaluated at 1 year of treatment (P ϭ .02 and P Ͻ .001, respectively). For personal use only. on July 14, 2017. by guest www.bloodjournal.org From patients reached platelet counts less than 600 ϫ 10 9 /L, but platelet count normalization (Ͻ 400 ϫ 10 9 /L) was obtained in only 25%. Normalization of leukocyte count (Ͻ 10 ϫ 10 9 /L) was documented in 89% of cases. Of note is the incomplete reduction of symptoms and splenomegaly that were still present in 12% and 8% of cases, respectively.
Six thrombotic episodes occurred within the first year of treatment and 27 events (70% arterial) were registered during follow-up (Table 3) . Overall, the thrombotic rate was 1.66% patients/year, whereas the rate of hematologic transformations was 0.68% patients/year. Deaths were registered in 23 patients (5.5%) and occurred after a median of 5.7 years from HU start (rate, 0.9% patients/year). Table 4 shows the results of univariate and multivariate analysis of thrombosis predictors. Age and previous thrombosis were independently associated with vascular events, whereas achievement of ELN responses, evaluated at 12 months of therapy, did not predict future vascular events. When individual variables included in the ELN response criteria were considered, we observed that different levels of platelet count did not influence the outcome; in contrast, patients with more than 10 ϫ 10 9 /L leucocytes had a significant higher rate of thrombosis independently from the other variables. There was no correlation between the achievement of response and hematologic transformation (data not shown).
By Kaplan-Meier analysis, projected thrombosis-free survival in CR patients was 90%. Thrombosis-free survival was significantly lower in the 45 patients (11%) who did not achieve leukocyte normalization, although it was independent from the control of platelet number (Figure 2 ).
Discussion
The results of this retrospective analysis were obtained in 3 qualified hematologic centers and well reflect clinical practice outside clinical trials. Patients were started with HU on 0.5 to 1 g daily, and doses were adjusted to maintain the platelet counts less than 600 ϫ 10 9 /L. The drug was continued throughout the remaining time of follow-up in the majority of patients (398 of 416). Reasons for 18 withdrawals included patient choice or other protocols and side effects in 6 and 12 cases, respectively.
The present study had 2 main purposes. The first was to estimate the frequency of CH responses, as defined by the ELN experts. 9 In a large population of ET patients, we found that CR rate progressively increased over time up to a maximum of 25% after 12 months. The majority (58%) of patients receiving HU achieved a PR, as defined by a platelet count in the range of 400 to 600 ϫ 10 9 /L (n ϭ 227 of 242, 94%) or a decrease of greater than or equal to 50% from baseline (6%). Among the latter, the reasons of PR were a persistence of leukocytosis (n ϭ 28 of 242, 11%) or incomplete recovery from microvessel symptoms or splenomegaly (n ϭ 37 of 242, 15%). No responders were 72 of 416 (17%), Percentages of different types of thrombosis, hematologic transformations, and cause-specific deaths relate to the total number of thromboses, hematologic transformations, and deaths, respectively.
AMI indicates acute myocardial infarction; TIA, cerebral transient ischemic attack; PAT, peripheral arterial thrombosis; VTE, venous thromboembolism; MF, myelofibrosis; and AML, acute myeloid leukemia. For personal use only. on July 14, 2017. by guest www.bloodjournal.org From indicating that the proportion of HU-resistant patients, in whom second-line therapy is indicated, is relatively small. Interestingly, the probability of reaching responses was higher in patients aged 60 years or older and in those with a JAKV617F mutated status, supporting a greater sensitivity to the drug in this latter group as previously reported. 10 The second aim of our analysis was to correlate the ELN responses with clinical outcomes. CH responses were not associated with hematologic transformation or death. The rate of myelofibrosis and acute leukemia found in our study (0.68% patients/year) is comparable with that of patients in the HU arm of PT1 trial (0.84% patients/year, P ϭ .33). Deaths were registered in 23 cases (5.5%) with a rate of 0.9% patients/year and appear to be lower than in PT1 trial (rate ϭ 2% patients/year, P ϭ .007).
Overall, the rate of major vascular events and hematologic transformation recorded in clinical practice were comparable with the PT1 trial. 2 In that RCT, the actuarial rate of first thrombosis in HU arm was 2% at first year, similar to the 1.66% patients/year rate of major vascular events measured in the present study. However, at variance with the HU arm of PT1, and in accordance to the Italian RCT, 1 the rate of venous thrombosis in our cohort was significantly lower. Indeed, considering the median follow-up and the number of venous thrombosis reported in PT1 study, we have estimated that the rate of events in the HU arm was 1.4%/patients/ year. This value is significantly higher than in our cohort (rate, 0.4% patients/year, P ϭ .001) and is similar to that obtained in the PT1 anagrelide arm (0.2% patients/year, P ϭ .83). Thus, our experience is not in keeping with the high prevalence of venous thrombosis by HU reported in the PT1 trial.
In this series, predictors of future vascular events were age and previous thrombosis, according to established criteria. However, unexpectedly, we found that the ELN responses after 12 months of HU treatment did not predict future major vascular complications in a multivariate model considering meaningful variables. In particular, the rate of major thrombosis in the 3 categories of responses was not related to the achievement of platelet targets less than 400 ϫ 10 9 /L or less than 600 ϫ 10 9 /L, indicating that normalization of platelet count did not translate in a clinical benefit in terms of major vascular events reduction. Instead, thrombosis-free survival was significantly worse in the group of patients in whom leukocyte count remained elevated after one year of treatment compared with those achieving WBC normalization (P ϭ .017). This result confirms that leukocyte count is a prognostic factor for thrombosis and supports the recommendation that WBC should be a target of therapy. Many recent studies have provided a biologic plausibility of these epidemiologic observations. 6, 11, 12 Both in ET and PV, an in vivo leukocyte activation has been consistently documented, in association with signs of activation of both platelets and endothelial cells, particularly in patients carrying the JAK2 V617F mutation. Thus, leukocyte and platelet activation may play a role in the generation of the prethrombotic state that characterizes these disorders.
We are aware that the present study suffers from some limitations connected with its retrospective design. Thus, we suggest that confirmation in prospective studies is necessary before recommending a revision of ELN criteria. However, our findings indicated that, at least in patients receiving HU, defining a response of platelet count may not be clinically meaningful considering the lack of correlation with vascular events, unlike the case for leukocyte count. This information can have relevance for future clinical trials with novel Jak2 inhibitors.
